Introduction
Marijuana use remains illegal in most countries around the world. However, based on an estimate from United Nations Office on Drugs and Crime report, a staggering 220 million people worldwide use marijuana for recreational purposes [1] . In the USA, a survey from 2015 reported~22 million people as current or past marijuana users with about 19% adults between ages 18 and 25 years [2] . With legalization of marijuana use across several states in the USA this trend is expected to show an incremental growth. In epidemiological studies and systematic reviews, marijuana use has been associated with an increased prevalence of cyclical hyperemesis syndrome [3] , schizophrenia [4] and obstructive lung diseases like emphysema [5] . However, it is also linked with decreased prevalence of obesity [6] and diabetes along with improved insulin resistance profiles [7, 8] .
Chronic liver disease is a major public health concern in the USA and globally, cirrhosis-related deaths increased 46% from 838 000 lives in 1990 to 1 221 100 lives in 2013 making it the eight leading cause of death [9] . In the USA, annual aggregate costs for managing chronic liver disease is over $4 billion [10] . Hepatitis C (HCV), alcoholic liver disease, and nonalcoholic fatty liver disease (NAFLD) continue to be the top three etiologies of chronic liver disease in the USA [10] and it is estimated that by the year 2020, NAFLD would become the leading cause of advanced liver disease requiring liver transplantation [11] . Conflicting evidence exists with regard to the effect of marijuana on progression of liver disease. In-vitro and animal studies suggest a beneficial role in preventing liver injury and reducing fibrosis [12] [13] [14] [15] , while some crosssectional studies [16, 17] in HCV patients report increased prevalence of steatosis as a surrogate marker for worsening liver disease. The cannabinoid receptors 1 and 2 (CB1 and CB2) are G-protein coupled receptors that interact with endocannabinoid ligands and have a high affinity for tetrahydrocannabinol (THC) [18] . Expression of CB1 is seen primarily in brain, while that of CB2 is in immune tissues, and under normal physiologic conditions both these receptors are very weakly expressed by the liver [19] . However, in the setting of chronic liver disease, there is an upregulation of these receptors in the liver that can then influence steatosis and hepatic fibrosis [20] . In clinical practice, the number of patients with chronic liver disease patients who use marijuana has been growing because of legalization of marijuana by several states in the USA. We performed a comprehensive systematic review and metaanalysis to evaluate the association between marijuana use and worsening hepatic fibrosis.
Patients and methods
This systematic review was carried out in accordance with the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) [21] and meta-analysis of observational studies in epidemiology (MOOSE) [22] .
Data sources and search strategy
The initial search strategies were developed in Ovid MEDLINE and translated to match keywords and subject headings for Ovid EMBASE, Cochrane databases, and Web of Science from inception through 9 January 2018. This search was performed by an experienced medical librarian (L.W.). The following MeSH, Emtree, and search keywords were used in various combinations: marijuana, cannabis, tetrahydrocannabinol, THC, chronic liver disease, cirrhosis, hepatic fibrosis, nonalcoholic fatty liver disease, NAFLD, hepatitis C, hepatitis B and fatty liver. Our search strategy accounted for plurals and variations in spellings with the use of appropriate wildcards. There was no restriction of language. Articles were selected for fulltext review based on their title and abstract. A manual search through the bibliographies of the retrieved publications was carried out to increase the yield of potentially relevant articles. All results were downloaded into EndNote (Thompson ISI Research Soft, Philadelphia, Pennsylvania, USA), a bibliographic database manager, and duplicate citations were identified and removed.
Study selection
Eligibility criteria were determined a priori by four study authors (M.A.K., G.C., D.K., and A.A.). The included studies were required to be observational in nature or evaluated prevalence and/or progression of hepatic fibrosis in patients with chronic liver disease who smoked or did not smoke marijuana. All etiologies of chronic liver disease were included in the study. We restricted the inclusion criteria to studies with patients greater than 16 years of age. We included only fully published and peer-reviewed studies, unpublished data were excluded as there may be discrepancies between published and unpublished data [23, 24] . Four reviewers (M.A.K., S.S. A.A.L., and Z.K.) screened citations and retrieved full-text publications of all potentially eligible articles. Study eligibility was assessed by these reviewers independently on the basis of the inclusion criteria, and any disagreement between reviewers was to be discussed with a senior reviewer (A.A.).
Data extraction and quality assessment
Two reviewers (M.T.F. and M.A.K) independently extracted data from eligible studies using prespecified instructions and by utilizing data extraction excel sheets. Extracted data included study design, year of publication, country, individual inclusion and exclusion criteria for these studies, modalities of outcome assessment, variables adjusted for and demographic data of included patients namely age, sex, and a total number of users and nonusers of marijuana. Quality assessment was done by two reviewers (Z.K. and S.S.) using Newcastle Ottawa scale (NOS) for observational studies [25] . This tool measures quality in the three parameters of selection, comparability, and exposure/outcome allocating a maximum of 4, 2, and 3 points, respectively. High-quality studies are scored greater than 7 on this scale, moderatequality studies, between 5 and 7 while low-quality studies score less than 5. Any disagreements in quality assessment between reviewers were discussed with a third reviewer (M.A.K) and agreement reached by consensus.
Data synthesis and statistical analysis
Our primary outcomes of interest were an association between use of marijuana and prevalence or progression of hepatic fibrosis expressed as odds ratios (ORs) and hazard ratios (HRs), respectively. We also separately evaluated the association between marijuana use and prevalence of hepatic steatosis. Adjusted outcomes from individual studies were pooled into our analysis using DerSimonian and Laird random-effects model [26] . Cochrane χ 2 and I 2 statistics were used to estimate statistical heterogeneity. Presence of heterogeneity was defined as a P value less than 0.1 and I 2 values of greater than 50% were reflective of significant heterogeneity. Heterogeneity was expected in our estimate as we had included various etiologies of chronic liver disease. Therefore, predetermined subgroup analysis was planned on the basis of etiology of liver disease. We also carried out a second subgroup analysis on the basis of method of detection of steatosis. Publication bias was assessed through funnel plots and Egger's test for asymmetry. If asymmetry was detected, we evaluated the potential effect of publication bias using the Duval and Tweedie nonparametric 'trim-and-fill' test to recalculate the effect size. All analyses were carried out using Comprehensive Meta-analysis (version 3.0; Biostat, Englewood, New Jersey, USA).
Results

Search strategy yield, study characteristics, and quality assessment
The search strategy identified 8004 citations of which 905 were removed as duplicates; a further 7027 were excluded after title and abstract review. Backward snowballing of remaining 72 articles identified no additional studies. Therefore, 72 full-text articles were reviewed of which 63 were excluded because of ineligibility based on our inclusion criteria. Finally, nine observational studies [16, 17, [27] [28] [29] [30] [31] [32] [33] were included in the systematic review. One study [30] had two datasets; therefore, 10 datasets were included in the quantitative synthesis. Figure 1 illustrates the study selection process. Two studies [28, 31] were prospective observational, whereas the remaining seven were retrospective cross-sectional [16,17,27,29,30,32,33] in nature. Three studies [16, 17, 32] exclusively included patients with HCV, two studies (with three datasets) included only NAFLD patients [27, 30] , three studies [28, 31, 33] included HCV, and HIV-coinfected patients, whereas the remaining one study [29] included 79% patients with HCV and 21% patients with HIV. Four studies [16, 17, 29, 32 ] evaluated prevalence of fibrosis by evaluating hepatic steatosis on liver biopsy, two studies [30, 33] used ultrasound as a measure of identifying hepatic steatosis, one data set [30] used elevation of liver enzymes (when other common causes of liver enzyme abnormality were ruled out), one study [27] used ICD-9 codes exclusively and the remaining two studies [28, 31] evaluated progression of fibrosis by using aspartate aminotransferase to platelet ratio index and fibrosis-4 scores. Study characteristics are highlighted in Table 1 . Seven studies were labeled as high quality as per NOS assessment, whereas the remaining two studies were rated as moderate quality. Detailed quality assessment is provided in Table 2 .
Meta-analysis
Evaluation of hepatic fibrosis in hepatitis C patients using liver biopsy Four studies [16, 17, 29, 32] with 1166 patients evaluated prevalence of hepatic fibrosis in HCV patients between marijuana users and nonusers and presented results as adjusted OR. Pooled OR with 95% confidence intervals (CIs) for prevalence of fibrosis in the setting of marijuana use was 1.96 (0.78-4.92), Cochran's Q-test, P < 0.003, I 2 = 75% (Fig. 2) . Funnel plot appeared symmetric and no publication bias was detected with Egger's test of asymmetry (intercept 1.16, P = 0.12, two tailed). Sensitivity analysis was performed after excluding Ishida et al. [29] as this study was a comparison between daily versus nondaily marijuana smokers, and there were no nonusers. Pooled OR was 1.44 (0.58-3.57), Cochran's Q-test, P < 0.01, I 2 = 71%. Therefore, we did not find any evidence of increased prevalence of fibrosis among marijuana users. Our analysis remained robust even after sensitivity analysis. Therefore, marijuana use was not associated with increased prevalence of hepatic fibrosis among HCV patients.
Evaluation of hepatic steatosis
Three studies [27, 30, 33] (including four datasets) with 5 973 595 patients, evaluated the prevalence of hepatic steatosis among marijuana users and nonusers. Among these, two studies evaluated the prevalence in NAFLD patients, whereas one study evaluated prevalence in HCV-HIV 7027records removed excluded after title and abstract review 7099 records screened after duplicates removal 63 articles excluded after fulltext review.
• patients. Pooled OR with 95% CI for prevalence of steatosis was 0.80 (0.75-0.85), Cochran's Q-test, P = 0.48, I 2 = 0% (Fig. 3) . Sensitivity analysis was done after excluding Adejumo and colleagues, as this cross-sectional study provided 5 950 391 patients in our cohort and we wanted to make sure that this study was not skewing the effect size. Pooled OR was 0.73 (0.63-0.84), Cochran's Q-test, P = 0.72. Subgroup analysis was done on the basis of etiology of liver disease. Pooled OR for prevalence of NAFLD was 0.80 (0.75-0.86), Cochran's Q-test, P = 0.51, I 2 = 0% in favor of marijuana users (Fig. 3) . Finally, among HIV and HCV-coinfected patients, pooled OR was 0.64 (0.41-0.98), I 2 = 0% (Fig. 3) . Therefore, the prevalence of hepatic steatosis and NAFLD was lower in marijuana users. Our second subgroup analysis was on the basis of the method of detection of hepatic steatosis. Pooled OR for patients undergoing ultrasound-based assessment was 0.73 (0.58-0.91), Cochran's Q-test, P = 0.47, I 2 = 0%.
Progression of hepatic fibrosis
Two studies [28, 31] with 1265 patients (HCV and HIV coinfection) evaluated progression of fibrosis among marijuana users and nonusers. Pooled HR was 1.00 (0.93-1.07), Cochran's Q-test, P = 0.79, I 2 = 0% (Fig. 4) . Therefore, the progression of hepatic fibrosis was not influenced by marijuana use in HCV-HIV-coinfected patients.
Discussion
Marijuana has been legalized for medicinal and/or recreational use in 23 states as well as the District of Columbia with reports of significant use of marijuana in patients with viral hepatitis monoinfection, with HCV and HIV coinfection, and increasing tendency to use marijuana in other etiologies of chronic liver disease [34, 35] . Therefore, it is imperative for physicians to understand the impact of marijuana use in the setting of chronic liver disease and to educate the patient population on the limitations of available data. This systematic review and meta-analysis did not find any association between increased prevalence of hepatic fibrosis and marijuana use in patients with chronic liver disease. On the contrary, we noted a lower prevalence of hepatic steatosis in marijuana users with NAFLD and with HCV and HIV coinfection.
Biologic plausibility for the effect of marijuana in patients with chronic liver disease is on the basis of the expression of CB1 and CB2 receptors in the liver [36, 37] . Two main ingredients of marijuana are THC and cannabidiol (CBD) [38] . THC preferentially acts on CB1, whereas CBD has more effect on CB2 [38] . Therefore, THC has more psychotropic effects as CB1 is mainly found in nervous tissue, whereas CBD does not have psychotropic effects. However, in patients with chronic liver disease expression of both CB1 and CB2 receptors is upregulated. CB1 receptor activation is associated with profibrogenic effects with increased expression of transforming growth factor β-1, increased stellate cell production, and decreased apoptosis leading higher rates of hepatic fibrogenesis [39] . In addition, it is also associated with decreased production of adiponectin, an adipokine with antifibrotic properties in animal models [40] . Finally, CB1 receptor also promotes hepatic fatty-acid production Table 2 . Quality assessment of included studies using Newcastle Ottawa Scale and participates in diet-related obesity [39] . On the contrary, activation of CB2 receptors in mice has been associated with antifibrogenic and anti-inflammatory properties such as suppression of macrophage function of antigen presentation, inhibits chemokine production by human B cells, decreases macrophage nitric-oxide production, suppresses cytotoxic T-cell proliferation, and favorably regulates tumor necrosis factor, interleukin-1, and interferon gamma production by mononuclear cells [41] . Overall, stimulation of CB2 receptor results in reduction of oxidative stress and retards cell death [12] .
Overall, we did not find any association between marijuana use and increased prevalence of hepatic fibrosis when confirmed by liver biopsy. However, our primary analysis was limited by substantial heterogeneity. Our results are different from initial cross-sectional studies [16, 29] which suggested increased fibrosis in patients using marijuana. Ishida and colleagues only compared daily users versus nondaily users and reported that daily users had a higher prevalence of worsening fibrosis and cirrhosis. Interestingly, their study did not find any significant association between marijuana use and mild hepatic fibrosis. The authors concluded that marijuana use may have little or no influence on initiation of fibrosis but once fibrosis sets in, it was associated with worsening liver disease. In contrast, a more recent Canadian study [32] using The Ottawa Hospital Viral Hepatitis Clinic database showed a comparable prevalence of hepatic fibrosis in marijuana users as well as nonusers that were consistent with our analysis. Likewise, we did not find any difference in the progression of hepatic fibrosis between marijuana users and nonusers among HCV-HIV-coinfected patients. These data were based on high quality prospective observational studies with 1265 patients and there was no heterogeneity in our estimate.
We noted that the prevalence of NAFLD was lower in marijuana users as compared with nonusers. Conventionally, marijuana users have high-calorie intake with higher consumption of sodas, drink, and alcohol [42] . Therefore, a healthy lifestyle is definitely not the cause of the decreased prevalence of NAFLD. The data in the studies included in our analysis were adjusted for BMI that is a potential confounder for the prevalence of NAFLD. The National Epidemiologic Survey on Alcohol and Related Conditions reported 39% reduction in the risk of obesity among marijuana users as compared with nonusers [6] . It is hypothesized that marijuana use may affect fatty tissues in obese through omega-3 fatty acids. Batetta et al. [43] reported in laboratory studies that endogenous cannabinoids mediate the ability of omega-3 fatty acids in reducing ectopic fat deposition. Finally, a systematic review reported decreased steatosis and improved liver enzyme profile with dietary supplementation of omega-3 fatty acids [44] . Apart from fat deposition, marijuana use may have beneficial effects on insulin profile as reported by Penner et al. [45] showing lower levels of fasting insulin in marijuana users as compared to nonusers. The mechanism of action for this association is not well understood. One theory is that CBD in marijuana can act as a partial antagonist for CB1 receptors which have a role in insulin sensitivity [46, 47] . Therefore, nonpsychotropic cannabinoids like CBD may have potential in the development of drugs for management of NAFLD. This is the first meta-analysis to evaluate the association of marijuana use with the prevalence and progression of hepatic fibrosis in chronic liver disease. We carried out a comprehensive literature search and reviewed a large number of relevant studies. Our analysis may have been weakened by inherent limitations of meta-analyses and of the included studies. All included studies in our analysis were observational by design, albeit most of them were of high quality based on NOS assessment and all of them had adjusted for common variables that may influence the prevalence and progression of fibrosis. We were unable to evaluate the dose-response relationship between marijuana use versus the prevalence and progression of hepatic fibrosis as such data were not uniformly provided by the studies. Our primary analysis was limited by considerable heterogeneity and most of our study cohort was derived from one large cross-sectional study [27] . Therefore, we carried out a sensitivity analysis to assess that our estimates remained robust after exclusion of this study. Furthermore, we also carried out two subgroup analyses on the basis of etiology of chronic liver disease and method of detection of fibrosis. No heterogeneity was noted in our analyses for HCV and HIV coinfection for progression of fibrosis and prevalence of NAFLD.
Conclusion
Among marijuana users, we did not find any evidence for increased prevalence of hepatic fibrosis in HCV patients, nor did we find any progression of hepatic fibrosis in patients with HCV and HIV coinfection. On the contrary, we found a decreased prevalence of NAFLD in marijuana users. Our meta-analysis highlights the importance of evaluating the association of marijuana use and development of NALFD. Further studies may be beneficial to further understand the therapeutic impact CBD-based formulations in the management of NAFLD.
